This prospective cohort analysis compared the efficiency of time-based discharge criteria (Group 1) to a modified clinical scoring system (Group 2), incorporating the assessment of pain and temperature, in the post anaesthesia care unit (PACU). Two consecutive series of patients (n=292) were assessed following general anaesthesia for various surgical procedures. The time taken for patients to satisfy their respective discharge criteria was recorded as PACU length of stay (LOS). Patient group and other factors that may have influenced PACU-LOS were examined using time-to-event analysis. The raw PACU-LOS was not shown to be different between the two groups (log rank test, P=0.12). Covariate adjusted estimates were used to compare the two discharge criteria and also to identify other factors influencing PACU-LOS. The Cox regression model was poorly specified and a log-logistic accelerated failure time model was found to be the most parsimonious predictive model.
Since its introduction in 1923, the post anaesthesia care unit (PACU) has been accepted world wide as a standard of care for the immediate recovery of the postoperative patient. It has the facilities of a high dependency unit, equipped to manage complications that may arise during this high-risk period.
Patient recovery is a continual process, but it can be divided into three distinct phases 1 . Early recovery (phase 1) lasts from the discontinuation of anaesthesia until patients have recovered their protective reflexes and motor function. Intermediate recovery (phase 2) begins following transfer from the PACU to either the day surgical unit (DSU) or hospital ward until patients are "home ready". Late recovery (phase 3) lasts until patients have fully returned to their preoperative state. There has been an abundance of literature investigating factors that determine length of stay (LOS) in the DSU and the application of appropriate discharge criteria. Such interest in "home readiness" following surgery coincides with the increasing frequency of day surgery services. Up to 66% of all elective operations in the United States were performed on an outpatient basis in 1994 2 . In comparison, factors that influence LOS in PACU and the validity of any discharge criteria have received surprisingly little attention. There is to date, no consensus on the variables that might predict PACU-LOS. The Aldrete scoring system, introduced in 1970, is widely used in its original form for discharging patients from the PACU 3 . This system assigns a score of 0, 1 or 2 to activity, respiration, circulation, consciousness and colour, giving a maximum score of 10. With the advent of pulse oximetry, a modification of the Aldrete score has come into practice 4 . A score of 10 was deemed optimal, but 8 or 9 was considered acceptable for transfer of patients to phase 2 recovery. Aldrete's score was originally intended as a simple, practical, and easily remembered method of assessing a patient's physical condition following all types of anaesthesia. Its application proposes to objectively monitor progress and determine safe discharge of postoperative patients. Modifications of the Aldrete scoring system have been made by various investigators to determine home-readiness for day-case patients [4] [5] [6] [7] . In an attempt to improve the efficiency of our PACU, we applied a simple modification of this system to include pain and temperature (Appendix 1). To validate this modified criteria as an efficient and safe method of discharging patients from PACU, we carried out a prospective cohort analysis.
The purpose of this study was thus twofold: (i) to gauge the efficacy of our modified scoring system as a method of discharging patients from PACU and, (ii) consequent upon this analysis, to elucidate other factors that influenced PACU-LOS following general anaesthesia.
METHODS
Our study was conducted at Royal Darwin Hospital (RDH), a 297 bed tertiary care teaching hospital, where approximately 8000 anaesthetics are performed per year. Subjects included patients over the age of 12 years having general anaesthesia for surgical procedures in April and May 2002. Data was collected prospectively in 400 consecutive patients.
The first 200 consecutive patients were discharged from PACU according to "current" guidelines (Appendix 1). Following general anaesthesia, patients' vital signs were evaluated five minutely until consciousness returned. Once patients were conscious, observations were made 15 minutely for a minimum of three sets. If vital signs were "acceptable" for the patient: sedation score 0-1; respirations uncomplicated with rate >10/minute; oxygen saturation SpO 2 >93%; tympanic temperature >36°C; nausea and vomiting controlled; visual analogue pain score <3; and opioids administered not less than 15 minutes prior to discharge; then patients were deemed ready for discharge. Exceptions to all the above criteria were made for major surgical procedures and complicated anaesthetics, in which case an extended LOS was permitted. This group of patients was classified as Group 1. It was apparent that the minimum time for discharge would be 30 minutes after consciousness was regained, while an extended period was "allowed" for those having major surgery, despite fulfilling the set out clinical criteria. Such a system, incorporating both minimum time criteria and nursing staff's discretion for discharge readiness, had the potential to generate prolonged PACU-LOS.
On completion of the first series, recovery nursing staff received in-service training in order to effectively apply the new discharge scoring system (Appendix 1) over a one-week period. The second 200 consecutive patients were discharged according to the new discharge guidelines. Patients were assessed in the same way until consciousness returned. Recovery scores were then tallied 15 minutely. When scores were ≥10, with no items scoring 0, patients were deemed ready for discharge. Similar to Group 1, patients were only deemed ready if opioids were administered no less than 15 minutes prior to discharge. These patients were assigned to Group 2. In the absence of time constraints, the potential for earlier safe PACU discharge seemed plausible in this group.
Patients under the age of 12 years and those having termination of pregnancy were excluded from analytic considerations because such patients were not discharged according to the same guidelines following general anaesthesia.
Based on a review of the literature, data pertaining to other factors that may have influenced PACU-LOS were also recorded. These included: patient demographics; age 8 , gender 9 , and ASA classification 10 : surgical factors; day case, emergency 11 ; surgery type and duration 8, 10, 11 : anaesthetic factors; endotracheal intubation (ETT) 9,10,11 , muscle paralysis 9,11 , intraoperative/postoperative opioids 8, 9 and antiemetics 12, 13 . Standard operating theatre records were used to obtain relevant surgical and anaesthetic information. Binary (dichotomous) covariates were recorded as 0/1 (0 indicating the "null" state; for example no endotracheal tube).
The cohort analysis was performed as a quality assurance project in the RDH Department of Anaesthesia. It was conducted in accordance with quality assurance and privacy protocols of RDH.
Statistical Methods
Variables are reported as mean (SD) unless otherwise indicated. Interval data were analysed by Student's t-test 14 The main outcome measure was discharge readiness from PACU. The time to this event, the PACU-LOS (that is, time from patients leaving the operating theatre to the time when the relevant discharge criteria was met), was evaluated using survival analytic methods; in particular, Kaplan-Meier and Cox model estimates. Initial Kaplan-Meier analysis was able to identify any potential difference in PACU-LOS (a skewed variable) between the groups; Cox analysis was used to adjust for the presence of other covariates that may have modified or highlighted the Group effect. As all patients were discharged from the PACU (that is, there was no rightcensoring), parameters of the Cox model were interpreted as expressing the "hazard" of discharge.
Predictor variables were defined by a backward selection using Akaike information criterion (AIC= -2(log likelihood)+2(c+p+1), where c is the number of model covariates and p is the number of modelspecific ancillary parameters 15 . Initial bivariable selection screening was not used in model building 16 . Attention was directed to the question of model selection with correlated variables, and the potential effect of multi-colinearity (variance inflation factor [VIF] <10 and condition number [CN] <15) was carefully assessed. First order interactions were explored and non-linearity of covariate effect was also investigated; initially by inspection of residual (martingale) plots and formally using parametric (fractional polynomials) and non-parametric (cubic smoothing splines) methods. Overall Cox model fit was assessed by residual plots and specific testing of the proportional hazards assumption 17 . Alternatives to the Cox model were also explored, in particular parametric (accelerated failure time, AFT) survival analysis, where (log) time (t) is parameterized thus:
x is the covariate vector and β the corresponding coefficient and the random quantity ln(τ j ) has a specified distribution. The most intuitive manner in which to express AFT model coefficients is in the exponentiated form, as time ratios per unit increment change in the recorded covariate(s):
Thus TR <1 are associated with a decrease in (discharge) time and TR >1 are associated with a prolonged (discharge) time 18 . Residual model heterogeneity or frailty 19 , suggesting non-modelled covariates, was identified using both the gamma and inverse-gaussian distributions for the frailty effect.
Where variables were incompletely recorded, values of these variables were imputed using a multiple imputation (MI) routine 20 ; iterative data aug-mentation, where parameter estimates, variance and P values were determined over 10 data sets (NORM: Multiple imputation of incomplete multivariate data. JL Schafer @ http://www.stat.psu.edu/~jls/misoftwa. html). The variance was computed as:
is the within-imputation variance, B is the between-imputation variance and k is the number of imputed data sets 21 . Little's test assessed that the "missingness" was completely at random (MCAR) (Systat Version 10.2, SPSS Inc, Chicago Il).
RESULTS
Patients under the age of 12 years (24 from Group 1 and 17 from Group 2) and those undergoing early termination of pregnancy (30 from Group 1 and 37 from Group 2) were excluded from our study sample. Following exclusions, there were 292 subjects (from 400), 148 from Group 1 and 144 from Group 2. Patient, anaesthetic, surgical and recovery characteristics are shown in Table 1 . The two groups 35 POST ANAESTHESIA CARE UNIT DISCHARGE appeared well matched for most characteristics and procedures, difference being apparent in the age (P=0.02) and prescription of postoperative opioids (P=0.06).
As seen in Table 1 , there was no difference in the unadjusted surgery time between the two groups. More particular to our primary goal, the unadjusted recovery time showed no differences between Group 1 and Group 2, as revealed ( Figure 1 ) by Kaplan-Meier estimates of time to discharge; the log rank test demonstrated no difference between the groups (P=0.12).
In the subsequent adjusted analysis, Cox model regression identified the following predictors: (i) increased "hazard" of PACU discharge, that is increase in the propensity for early discharge from PACU (PACU-LOS "shortening" covariates); Group (group II versus group I) and airway (no-ETT versus ETT), both modelled as categorical (0/1) covariates and (ii) decreased "hazard" of PACU discharge, that is a decrease in the propensity of early discharge from PACU (PACU-LOS "delaying" covariates); surgical time (modelled as a continuous variable; decreased hazard per unit [minute] increase in surgical time), prescription of intra-and postoperative opioids, and postoperative antiemetics (modeled as categorical variables). No significant interactions (P<0.05) were demonstrated. However, the Cox model was found to be poorly specified, demonstrating both nonproportionality (P=0.0005) and lack of goodnessof-fit.
Parametric survival analysis using AFT models identified the same significant predictor variables and the log logistic AFT model was found to be the most parsimonious. The β coefficients for the predictor variables (expressed as time ratios, see methodology above) with P values and 95% confidence intervals are shown in Table 2 ; consistency of direction of covariate effect on PACU discharge time was maintained between the Cox (parameterized as hazard ratios) and AFT (parameterized as time ratios) models. Using the log-logistic model, neither ASA status (considered as a collapsed three level categorical variable), patient gender nor patient age (including a quadratic effect for age) were found to be significant predictors (P>0.5). However, as there were included (VIF >6). Moreover, using AIC as an overall assessment of model fit, there was no demonstrable advantage in including the "musclerelaxant" covariate recording administration of muscle relaxant. Figure 2 shows the effect, as determined by the loglogistic AFT model, of various covariates upon time spent in recovery. The probability of retention in recovery is plotted against recovery time for the constellation of covariates associated with delay in PACU discharge ("delaying" covariates; prescription of intraoperative opioid and postoperative opioid and antiemetics; use of endotracheal tube) and those associated with reduced time in PACU ("shortening" covariates; no prescription of intraoperative opioid or postoperative opioid and antiemetics; no use of endotracheal tube), for both old discharge criteria (Group I) and new discharge criteria (Group II). The surgical time was fixed at the median (51 minutes). The separation of the curves of the four groups thus formed, from the curve (long dash-dot) representing the patient group with "shortening covariates and new discharge criteria" through the curve (solid) representing the patient group with "delaying covariates and old discharge criteria", is easily visualized.
Residual heterogeneity in the AFT, using both gamma and the inverse-gaussian distributions for the "frailty" effect, was demonstrated at the group level (Group 1 and Group 2), P=0.01. The effect of this frailty was to modify the parameter of the Group effect; the Group time-ratio was 0.901 (95% CI: 0.819 to 0.993, P=0.04) without modelled frailty compared with 0.733 (95% CI: 0.618 to 0.868, P=0.001) with the frailty effect.
Missing values were present for the variables airway, muscle relaxants, intraoperative opioids, postoperative antiemetics, ASA status and postoperative opioids, in varying percentages (0.3 to 18%). Little's test for MCAR was significant (P=0.001) suggesting that the missing data was not a random sub-sample of the data set; that is, statistical inference based upon the data-set with missing values ("original" data set) may have been subject to both inefficiency and bias. Parameter estimates using the MI process are seen in Table 2 (MI: values); modification of covariate effect occurred with all variables, compared with the initial log-logistic model, but more particularly with the Group covariate (lesser impact of "new" criteria). ASA status (again considered as a collapsed three level categorical variable) was not a significant predictor in the MI data sets (as with the original data set) and heterogeneity was no longer evident (P=0.96).
DISCUSSION
The study showed no difference in raw PACU-LOS between the existing discharge criteria (Group 1) and our modified discharge criteria (Group 2). The lack of randomization in the sequential cohort methodology as confirmed by analysis of the distribution of covariates in the groups suggested further analysis was required to assess the effect of the differing discharge criteria 22 . By using adjusted (Cox model) analysis, the modified discharge criteria were shown to be associated with a reduction in time to PACU discharge-readiness; such an analysis also afforded the opportunity to explore the influence of other factors on PACU-LOS.
The principal findings of the study were: (i) the use of our modified discharge criteria and avoidance of endotracheal intubation were associated with a shortening of recovery time, while increase in surgical time, use of intraoperative/postoperative opioids, and postoperative antiemetics were associated with a prolongation of recovery time; (ii) parametric AFT models appear useful in time-to-event (PACU discharge) analyses; and (iii) the effect of missing data must be accounted for in analysis.
The time-based criteria (Group 1) required a minimum PACU stay of 30 minutes, but "allowed" extended LOS for patients undergoing major surgery despite meeting all other clinical criteria. Such subjectivity may introduce potential for unnecessary delays. The modified discharge criteria (Group 2) has no such time "restraints", potentially allowing for improved efficiency. There are potential problems of using a "score". It may be argued that occasionally patients are not safe for discharge despite an adequate "score". However, several factors must be taken into consideration in addressing this issue of safety. Firstly, the scoring system is based on objective clinical criteria that have been used extensively for assessing recovery from anaesthesia. Secondly, it must be emphasized that a score of zero for any clinical category is unacceptable for discharge irrespective of total score. And, finally both approaches are clinically based (nursing-staffed), neither of which routinely requires medical re-assessment prior to patient discharge. In all situations re-assessment by the anaesthetist where indicated (not routinely) is important in identifying and managing problems during this phase of recovery.
Perhaps not unexpectedly, the model predicted a (linear) lengthening of recovery time with increasing surgery time, which is in accordance with the findings of other investigators looking at surgical 8 or anaesthetic time 11 and PACU-LOS. The type and com-plexity of surgery has also been shown to predict PACU-LOS 10 ; thoracic, orthopaedic, and neurological procedures being associated with the most prolonged PACU-LOS 8 . Although the different types of surgery and their categorizations were balanced between the two discharge groups, no effect of surgery was demonstrable in the current study, even when adjusted for time, presumably due to the cohort case mix (no thoracic or neurosurgical procedures).
Opioids remain the cornerstone of intraoperative and postoperative analgesia. Both intra-and postoperative opioid treatment prolonged PACU-LOS by a factor of 0.25 and 0.36 respectively (other factors remaining constant). Although long-acting opioids and hypoventilation may impede awakening 23 , this finding most likely represents patients requiring strong analgesia in relation to the type of surgery, rather than opioid administration per se. In a large prospective study (n>10,000), orthopaedic and urological procedures were identified as being associated with severe pain 21 , and these patients stayed significantly longer in PACU and DSU 8 . Postoperative pain is the most common complication of ambulatory anaesthesia 25, 26 . The administration of postoperative opioids may also represent inadequate intraoperative analgesia leading to extended PACU-LOS for pain control. Multi-modal analgesia (using local anaesthetic infiltration, regional anaesthesia, and NSAIDs) has been shown to reduce opioid utilization, improve analgesia, and reduce nausea and/or emesis 27 . In the day surgery setting this approach was shown to shorten the mean time to patient discharge and improve patient satisfaction 28 .
Nausea and vomiting would appear to be the most common complication seen in the PACU 29 and relief of these problems, at least with droperidol, has been shown to prolong PACU stay 12, 13 . The majority of the cohort patients received either metoclopramide and/or tropisetron and thus prolongation of PACU-LOS due to relief of emesis is more likely to be a marker for certain surgical/anesthetic factors rather than a specific drug effect. Intraoperative prophylactic antiemetic use did not reduce PACU stay, supporting the current lack of evidence for indiscriminate antiemetic prophylaxis 30 .
Patient age, gender, urgency of surgery and ASA classification were not predictive for PACU-LOS. This is consistent with previous studies 8, 11 . Although we might expect patients suitably selected for day surgery to recover sooner, this was not evident in our analysis. It is likely that these are healthy patients undergoing short minor procedures. The type and duration of surgery in these cases may be the more important predictor of PACU-LOS in our analysis. Patient co-morbidities, by their nature, tend to increase the risk of intraoperative and postoperative complications, thereby prolonging PACU-LOS. The impact of patient ASA classification on PACU-LOS has been variable 10, 11 and ASA III and IV patients were a minority of the cohort studied, thus precluding meaningful analysis.
Anaesthetic technique has been shown to predict PACU-LOS 10, 11 . Evidence indicates that the LMA is tolerated by patients at lighter levels of anaesthesia than an endotracheal tube 31 , which may contribute to quicker recovery times. The progress from the intraoperative to postoperative period often proceeds more smoothly without a disruptive respiratory transition associated with tracheal extubation. Thus the currently observed reduction in PACU LOS, with avoidance of endotracheal intubation, is understandable.
Finally, our study showed that the use of our modified discharge criteria shortened PACU-LOS, with conditional (upon covariates) estimates using the log-logistic regression. This effect was not evident with marginal (Kaplan-Meier) estimates, as seen in Figure 1 . The question of clinical judgement versus operative criteria to define discharge time is relevant to this study, especially if there is a requirement for physician reassessment of patients in PACU prior to discharge. Awaiting physician release can account for over 50% of delay in PACU 11 and discharge delays are commonly a result of inefficient organizational factors 8, 32 . For this reason, the end-point of this study was time to readiness for PACU discharge, rather than actual PACU-LOS. Routine medical reassessment of all patients prior to discharge would be inappropriate and cause unnecessary delays. Selective patient re-assessment by anaesthetists may be warranted to ensure safe PACU discharge.
METHODOLOGICAL CONCERNS
Kaplan-Meier and Cox estimates are usually employed in the medical literature for time-to-event analysis, but in this case the Cox model was found to be poorly specified. As the end-point of the study was time to discharge, with no censoring (that is, all patients discharged), the accelerated failure time model, in the time-ratio metric, was an appropriate alternate estimator and was found to be well specified in this analysis 33 .
Heterogeneity about the group effect was identified, suggesting the potential presence of nonmodelled covariates or measurement error. If this heterogeneity is ignored in analysis, underestimation of the covariate effect will be observed 34 , as was evident in this study where the time-ratio coefficient for the group effect changed from 0.901 to 0.733 with the incorporation of frailty (in this case, at the group level).
In the presence of missing data, multivariable analysis is usually accompanied by complete-case analysis. That is, only complete observations are considered across variables, resulting in a decrease in the total n and potential bias and or loss of efficiency in estimation 35 . As the "missingness" was not completely at random (significant Little test), a multiple imputation scheme for data replacement was adopted. The final point estimates of covariate effect ( Table 2 ; MI parameters) showed variable change, but the most substantive was for the group effect, where the average group effect moved to the null, at 0.88 (with no heterogeneity), but was still less than that of the model where heterogeneity or frailty was not accounted for (0.90, see Results above). This presumably indicates that the heterogeneity in the "incomplete" data-set was recording incomplete covariate effect, due to missing data.
CONCLUSION
There appears to be no widely accepted or validated gold standard for PACU discharge criteria. In contrast to the current time-based PACU discharge criteria, our modification of Aldrete's scoring system is simple, objective and clinically-based. This would allow patients to move through the recovery process at their own speed, determined by the criteria. Although not apparent in the initial analysis, the adjusted analysis showed a significant reduction in PACU-LOS using our modified discharge criteria. Its application in the day surgery setting may reveal a greater impact on efficiency.
We acknowledge that reduced utilization of phase 1 recovery will only improve efficiency if utilization of staff and supplies are actually reduced for the entire recovery process. It follows that more comprehensive PACU outcome measures, such as adverse events, unplanned hospital admissions, and patient satisfaction, need to be studied to further validate this system.
